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1
Scope 

This contribution is focusing on Handover signalling functions/procedures for the S1 interface. The need of handover signalling procedures are captured in the actual TS 36.300 as agreed during the RAN3#54bis meeting. 

A detailed explanaition of the Handover signalling procedures is provided in this contribution. 

Further this contribution uses terminology known from UTRAN interface signalling procedures, like procedure classes, type of messages (initiating, successful outcome, unsuccessful outcome).
2
Discussion

2.1
General

In SAE/LTE the support of handover functions and procedures, within the SAE/LTE system (Intra SAE/LTE) and to/from other 3GPP RATs from/to SAE/LTE (Inter 3GPP RAT) are required. 

Typically Intra SAE/LTE Handovers (intra MME/UPE) are initiated via the X2 interface (without EPC involvement in the preparation phase). Whereas Intra SAE/LTE (Inter MME/UPE) handovers as well as Inter 3GPP RAT Handovers are initiated via the S1 interface and foresee EPC involvement. 

Mobility for UEs in LTE_ACTIVE with EPC involvement are triggered due to the following reasons:

· Handover to/from other 3GPP RATs (UTRAN, GERAN A/Gb mode) i.e. the Handover target cell is in a different RAT then the source cell; 

and/or 

· for network deployments where the X2 interface between eNBs is not configured, i.e.the handover target cell is in the same RAT (SAE/LTE) as the source cell but direct Handover signalling via the X2 interface is not possible [see LS R3-060977]. 

Hence following Handover scenarios with EPC involvement need to be supported: 
· Handover from SAE/LTE - > UTRAN/GERAN A/Gb mode 

· Handover from UTRAN/GERAN A/Gb mode -> SAE/LTE
· Handover within SAE/LTE, different scenrios are outlined in another contribution [xxx] but have in principle the same effect on S1.
Handover procedures with EPC involvement will, as usually, comprise the following phases: Handover preparation, Handover resource allocation and Handover completion. This will correspond to S1 Handover signalling procedures like:

· Handover preparation procedure

· Handover resource allocation procedure

· Handover completion procedure

A and Iu interface signalling foresees the possibility to cancel an ongoing Handover from the source side for good reasons, so S1 is expected to deserve the definition for a similar procedure:

· Handover cancellation procedure

2.2
Handover preparation procedure

The handover preparation procedure is triggered by the eNB. 

This procedure is a class 1 procedure:

	
	Initiating message
	Successful Outcome
	Unsuccessful Outcome

	Message name
	Handover Required
	Handover Command
	Handover Preparation Failure


Purpose:

· Preparation of Intra SAE/LTE and Inter 3GPP RAT Handover

· Provision of target cell IDto the EPC 

· Provision of radio interface related information transparently via the EPC/CN from the source RAT to the target RAT 

· Provision of radio interface related information (HO Command for UE) transparently via the EPC/CN from the target RAT to the source RAT

· Reporting of the outcome of the resource allocation (e.g. SAE bearer setup list, SAE bearer Failed to Setup list), which is required to inform the source side (RAN node) in order to allow a continuation/cancellation of the handover.
2.3
Handover resource allocation procedure

The handover resource allocation is triggered by the EPC. 

This procedure is a class 1 procedure:

	
	Initiating message
	Successful Outcome
	Unsuccessful Outcome

	Message name
	Handover Request 
	Handover Request ACK
	Handover Failure


Purpose:

· The resource allocation for SAE bearers which needs to be maintained after handover are triggered

· The outcome of resource allocation (SAE setup list, SAE Bearer Failed to Setup list) is reported via the EPC/CN to the source side to inform the source side (RAN node). 
· Provision of radio interface related information (HO Command for UE) transparently via the EPC/CN from the target RAT to the source RAT

2.4
Handover completion procedure

The handover completion is triggered by the eNB.

This procedure is a class 1 procedure:

	
	Initiating message
	Successful Outcome
	Unsuccessful Outcome

	Message name
	Handover Complete 
	Handover Complete ACK
	


Purpose:

· Indication for the EPC that the UE is located in the target cell and is ready to receive data

· Trigger for EPC to switch user plane from the source to the target system in the Intra SAE/LTE case and Inter 3GPP RAT handover
· Confirmation of the EPC is sent to target eNB; the target eNB triggere then the release of resource @ source side  (intra LTE scenario)

2.5
Handover cancellation procedure

The handover cancellation is triggered by the source eNB. 

This procedure is a class 1 procedure:

	
	Initiating message
	Successful Outcome
	Unsuccessful Outcome

	Message name
	Handover Cancel 
	Handover Cancel ACK
	


Purpose:

· To allow the source eNB to cancel the resource allocation procedure at any time; the cancellation of the handover depends on the outcome of the resource allocation and/or additionally on timers supervising the Handover procedure
· The EPC confirms the cancellation and release of the HO procedure within the EPC and towards the target system.

3
Proposal

1) It is proposed to include the discussion part in the internal TR R3.018

2) It is proposed to capture the classification of the Handover signalling procedures in TS 36.413.

3) It is proposed to agree on the text proposal for ST 36.300 in section 4. At least the initial list of functions and procedures in TS 36.300 should be extended by 
4
Text proposal for TS 36.300
19.2.1
S1 Interface Functions

Note: 
The following list of S1 functions reflects the status of agreements in RAN3, might be extended in forthcoming meetings. 

-
SAE Bearer Service Management function:
-
Setup, release.




-
S1 Paging function: 
-
NAS Signalling Transport function;

-
S1-interface management functions:

-
Error indication.

-
Network Sharing Function;

-
Roaming and Area Restriction Support function;

-
NAS Node Selection Function;

19.2.1.1 
Mobility Functions for UEs in LTE_ACTIVE

19.2.1.1.1
Intra-LTE Handover

The Intra-LTE Handover function supports inter-eNodeB mobility for UEs in LTE_ACTIVE and comprises the following:
-
preparing and executing inter-eNodeB handover in case of inter-EPC-node handover 
-
switching the user data path from the source eNodeB to the target eNodeB 
19.2.1.1.2

Inter-3GPP-RAT Handover

The Inter-3GPP-RAT Handover function supports mobility to and from other 3GPP-RATs for UEs in LTE_ACTIVE and comprises the preparation and execution of handover via the S1 interface.
19.2.2
S1 Interface Signalling Procedures

Note: 
The following list of S1 procedures reflects the status of agreements in RAN3, might be extended in forthcoming meetings. 
-
SAE Bearer signalling procedures:

-
SAE Bearer Setup procedure;
-
SAE Bearer Release procedure (EPC initiated);

-
SAE Bearer Release procedure (eNB initiated).

-
Paging procedure;

-
NAS transport procedure:
-
UL direction (Initial UE);

-
DL direction (Direct Transfer).

-
Error Indication procedure:

-
E-UTRAN initiated error indication procedure;

-
EPC initiated error indication procedure.

19.2.2.1
Handover signalling procedures

Handover signalling procedures support both, inter-eNodeB handover and inter-RAT handover. 

Typically, inter-eNodeB (Intra MME/UPE) handovers are initiated via the X2 interface and do not foresee the change of EPC nodes. These kinds of handovers require S1 interface functions for handover completion only. 

Inter-eNodeB handovers which require the change of an EPC node and inter-RAT handovers are initiated via the S1 interface and require S1 interface functions for handover preparation, handover resource allocation and handover completion.
19.2.2.1.1

Handover Preparation procedure

The Handover preparation procedure is initiated by the eNB if it determines the necessity to initiate the handover via the S1 interface. 
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Figure 1: Handover preparation procedure

The handover preparation comprises the following steps:

-
In case of interRAT and Inter MME/UPE handover the Handover Required message is sent to the EPC. The eNB includes radio related information in the source to target transparent container in the Handover Required message in order to provide SAE radio bearer information to the target RAT. 
-
The handover preparation phase is finished upon the reception of the Handover Command (SAE Bearer setup list, SAE Bearer Failed to Setup list) in the source eNB. The source eNB determines according to the QoS information per SAE bearer of the SAE Bearer setup list the appropriate DL and UL traffic handling respectively (e.g. forwarding, stopping of DL data). Additonally radio interface related information (HO Command for the UE) is included in the HO Command.
19.2.2.1.2
Handover Resource Allocation procedure

The handover resource allocation comprises the following steps:


[image: image2]
Figure 2: Handover resource allocation procedure

-
The EPC sends the Handover Request message including the SAE Bearer setup list, source to target transparent container to the eNB. The SAE Bearer setup list contains one or several SAE Bearers, which needs to be established. Each SAE Bearer to be setup contains the SAE bearer ID, QoS information, transport network layer address and S1 transport association. 

-
The eNB responds with the Handover Request ACK message after the required resources for all accepted SAE Bearers are allocated. The Handover Request ACK message contains a SAE bearer setup list, which includes the successfully allocated SAE Bearers and a SAE Bearer Failed to Setup list including SAE Bearers failed to setup. Additonally radio interface related information (HO Command for the UE) is included in the HO Command, which is sent transparently via the EPC/CN from the target RAT to the source RAT.
19.2.2.1.3
Handover Completion procedure

The Handover Completion comprises the following steps:

-
The Handover Complete message is sent by the eNB (target side) if the UE indicates its location in the target cell. 
· The EPC responds with Handover Complete ACK message to confirm the reception of the Handover Complete message.  
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Figure 3: Handover completion procedure

19.2.2.1.4
Handover Cancellation

This functionality is located in the eNB to allow a final decision regarding the outcome of the resource allocation, i.e. either to proceed or to cancel the handover procedure. 


[image: image4]
Figure 4: Handover cancellation procedure

-
The eNB sends a Handover Cancel message to the EPC indicating the reason for the handover cancellation. 

-
The EPC confirms the reception of the Handover Cancel message by returning the Handover Cancel ACK message.
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